The inducible T-cell co-stimulator (ICOS) belongs to the B7-CD28 immunoglobulin superfamily, which is currently the subject of intense study due to great successes gained in treatment of different malignancies by disrupting their family members. However, the role of ICOS played in colorectal cancer (CRC) remains poorly understood. A tissue microarray (n D 310) was stained with the ICOS specific antibody and ICOS expression is decreased in patients with either lymphatic or distant metastasis and inversely associated with CEA level and TNM stage of CRC patients. Importantly, high ICOS expression is significantly correlated with overall survival (OS) of CRC patients (n D 230, p < 0.001), and ICOS expression is also proved to be an independent prognostic factor by multivariate analysis. Surgical excised CRC specimens (n D 26) were enzymatically digested to get the tumor-infiltrating leukocytes and ICOS is mainly expressed on CD4
Introduction
B7-CD28 family mediates the critically bidirectional signals on regulation of T-cell function: positive second signals that promote and sustain T cell responses and negative second signals that regulate T cell tolerance. 1 The significance of this family was highlighted by the FDA approval of ipilimumab, an antibody blocking CTLA-4, for cancer in 2011, which was reinforced by successes achieved by targeting CD28 family member PD-1 in different malignancies. 2 The CD28 family member ICOS, which interacts with a ligand ICOSL, was first reported on activated human T cells. 3 This pathway can promote T cell production of several cytokines including IL-10, IL-4, IL-5, IFNg and IL-17, depending on which cell type the effect dominates. 1 A recent study showed that the ICOS mediates interaction between tumor-infiltrating CD4 C T cells and plasmacytoid dendritic cells (pDCs), which leads to the amplification of regulatory T cells (Tregs) and interleukin-10 secretion, then Tregs and pDCs that infiltrate primary breast tumors impair patient survival. 4, 5 However, what is the role of ICOS signal in CRC has not been determined.
In this study, we utilized a well-documented CRC tissue microarray to investigate the expression of ICOS in CRC and its clinical significance. The expression pattern and function of ICOS signal were further examined in surgical excised tumor tissue and peripheral blood of CRC patients. We demonstrated that ICOS mainly expresses on Th1 cells and ICOS C cell correlates with beneficial prognosis of CRC patients.
Results

Immunohistochemical detection of ICOS
First, we evaluate the expression of ICOS in clinical CRC samples by immunohistochemistry (n D 310, paraffin-embedded tissues). Representative stainings of the tissues, incubated with monoclonal ab105227 Ab (Abcam) for specific for ICOS (Fig. 1) . And ICOS expression was mainly found in stroma. The intensity of ICOS staining was determined by comparison with the staining of ICOS in human normal tonsil tissue, for ICOS is reported to be highly expressed on tonsillar T cells 3 (Fig. S1 ).
ICOS expression is negatively associated with tumor metastasis and other pathological features of CRC patients ICOS expression was low in the 157 (score < 6, 50.65%) of total 310 CRC samples while the rest 153 (score 6, 49.35%) samples remained a high-expression level (Fig. 1 ). What's important, ICOS expression is significantly negatively correlated with tumor metastasis, either lymph node or distance. Among the 154 CRC with lymph node metastasis, a low ICOS expression (score 0~6) was observed in 109 cases (70.78%), whereas in 45 cases (29.22%), ICOS expression was high (score 7»12) ( Fig. 2A) . For distant metastasis, the more obvious tendency was observed, that is, in 29 distant metastatic cases (80.56%), ICOS expression was low or absent (Fig. 2B) . In univariate analysis, strong ICOS expression was associated with tumor size (p D 0.045), CEA level (p < 0.001), tumor classification (p D 0.03), lymph node metastasis (p < 0.001), distant metastasis (p < 0.001) and TNM stage (p < 0.001), whereas no significant relevance were found with age, gender and tumor location (Fig. 2 , Table 1 ). These results demonstrated that ICOS expression is negatively associated with the progress of CRC, especially tumor metastasis.
Prognostic significance of ICOS expression
The effect of ICOS expression on CRC prognosis was examined by constructing Kaplan-Meier curves and differences on OS and disease free survival (DFS) between groups were compared by Log Rank test. The results showed that ICOS expression was dramatically associated with OS (p < 0.001, Fig. 3A ) and DFS (p < 0.001, Fig. 3B ). These differences were also significant in univariate analysis (p < 0.001, HR D 0.471, Table 2 ). Variables, including tumor size, CEA level, T classification, lymphatic metastasis and distant metastasis, that were significantly associated with OS in the univariate analysis were put into a Cox proportional hazards models. A dramatic significance (p D 0.002) indicating a correlation between high ICOS expression and improved survival in CRC could still be observed (Table 2) . These results demonstrated a significant correlation between high ICOS expression and good prognosis, suggesting that low ICOS expression may be a predictor for progression of CRC patients.
ICOS is mainly expressed on CD4 C T cells
Previous studies demonstrated that ICOS is not expressed on resting T cells but is induced rapidly on T cells after TCR engagement. 6, 7 To examine the expression pattern of ICOS on T cells in tumor tissues, surgical excised CRC specimens were minced finely, enzymatically digested and stained with Abs, following by flow cytometry analysis. As shown in Fig. 4A , CD4 C T cell, but not CD8 C T cell, is the primary cell expressing ICOS, which is confirmed by the quantitation data. In addition to tumor tissue, a similar trend was detected in both pericarcinous tissue (Fig. 4B-i ) and distal normal tissue (Fig. 4B-ii) . T cells not only reside in tumor sites, but also migrate into the circulatory system. Then, we examined the ICOS expression pattern on circulating T cells, the results showed the majority of ICOS C cells in peripheral blood are CD4 C T cells (Fig. 4C ). Collectively, in either tumor tissues or peripheral blood, ICOS is mainly expressed on CD4 C T cells. To further confirm that the ICOS staining scores gotten from paraffin-embedded tissues determined by IHC reflect the expression level of ICOS on CD4
C T cells in primary tumor sites, the CRC tumor tissues from same patients were both examined by IHC and enzymatically digested followed by flow cytometry analysis. The results demonstrated that ICOS staining scores are associated with the percentage of ICOS C cells among CD4
C T cells in the tumor tissues ( Fig. 4D and 4E ).
ICOSL is mainly expressed on macrophage and tumor cell
ICOSL is identified as a homolog of B7 and found to be the ligand of ICOS, although human ICOSL can also bind CD28 and CTLA-4. 8 It is constitutively expressed on B cells, DCs and macrophages, and can be induced on non-hematopoietic cells in response to inflammatory signals. 3 To figure out what kinds of cells regulate function of CD4 C T cells by ICOS-ICOSL signaling pathway, we analyzed the expression level of ICOSL on macrophages, DCs, B cells and tumor cells gotten from primary CRC tumor tissue. The data of flow cytometry demonstrated that ICOSL is mainly expressed on tumor-associated macrophages (TAMs) and tumor cells (Fig. 5) , suggesting that ICOS-ICOSL signaling pathway plays a role in the interaction between TAMs (or tumor cells) and CD4 C T cells.
ICOS expression is positively correlated with CTLA-4 and PD-1 expression on T cells ICOS belongs to CD28 family checkpoint regulators, and expression of PD-1, another member of this family, has been demonstrated to be associated with improved survival of MMR-proficient CRC. 9 Then, we examined the correlation of ICOS expression with other molecules in this family, such as CTLA-4, CD28 and PD-1. The results showed that the number of ICOS C T cells is associated with that of CTLA-4 C and PD-1 C T cells, but not CD28 C T cells (Fig. 6A-C) , suggesting that the expression of inducible checkpoint regulators reflects an immune-active microenvironment.
ICOS expression is associated with the number of CD8 C T cells in tumor tissues
We further checked the relationship between the number of ICOS C T cells and that of CD8 C T cells, CD4 C T cells, CD4 C CD25 C Treg cells or macrophages in primary tumor tissues, which have been proved to play important roles in CRC. 10 As shown in Fig. 6D -F, ICOS expression is only associated with the amount of CD8 C T cells, not the number of other immune cells.
is Th1 cell in CRC patients
Previous studies proved that ICOS signals exerts its effects mainly through regulating cytokine production by activated and effect T cells, 6, 11 and it can induce T cells to produce cytokines, Figure 3 . Kaplan-Meier analysis of overall survival in colorectal cancer patients and differences were analyzed by Log Rank test. (A, B), High expression of ICOS is associated with a good overall survival (OS) (p < 0.001) and a longer DFS (p < 0.001). ICOS was detected by monoclonal antibody (ab105227, abcam). (Fig. 7A) , and examined the mRNA expression of specific transcriptional factors by RT-PCR. At the same time, these isolated cells were ex vivo activated by leukocyte activation cocktail for 18 h, culture medium were collected and effector cytokines indicative of Th1, Th2, Th17 and Treg response were examined by ELISA. As shown in Fig. 7B , T-bet (Th1) expression was significantly increased, meanwhile GATA3 (Th2) expression was dramatically decreased in ICOS C CD4 C T cells compared to ICOS ¡ CD4 C T cells. While other transcriptional factors, RORgt (Th17) and FoxP3 (Treg), had no significant changes between these two groups. These results were echoed by the expression of effector molecules of a different subtype CD4 C T cells (Fig. 7C ), indicating that majority of ICOS C CD4 C T cells is Th1-polarized T cells.
Higher percentage of ICOS C T cells in peripheral blood is a marker for good prognosis
Our result showed that ICOS C T cells are also present at peripheral blood of CRC patients (Fig. 4C) . Then, we determined if the percentage of ICOS C T cells in peripheral blood could reflect the ICOS expression level in primary tumor tissue. The correlation analysis showed that the percentages of ICOS C T cells in peripheral blood and that in primary tumor tissue are positively correlated in CRC patients (Pearson's r D 0.6904) (Fig. 8A ). What's more, the result demonstrated that amount of ICOS C T cells in the peripheral blood is significantly higher in CRC patients at stage I and II as compared to stage III, IV and healthy control (Fig. 8B) . Maybe the inactive status of immune system kept in normal people could contribute the low level of ICOS expression. Collectively, ICOS expression level in peripheral blood is also a good indicator for OS of CRC patients. 
Discussion
Since ICOS signal plays the opposite roles in different disease, 1 this pathway does not appear to be aggressively pursued for the translational study. Our results proved that ICOS C cell, acting as Th1 cells, is associated improved survival of CRC patients. What's more, our data showed that ICOS expression is correlated with the inducible checkpoint inhibitors CTLA-1 and PD-1 expression on T cells, indicating that ICOS expression may be a useful marker for choice of anti-CTLA-4 or PD-1 therapy in CRC. In contrast to another co-stimulatory receptor CD28 in this family, the effects of ICOS on activation of na€ ıve T cells and Tcell proliferation are modest. 7, 14 ICOS signal seem to play an important role on modulating cytokines production by activated and effector T cells, particularly Th1 and Th2 effector responses. 11 Since Th1 and Th2 cells play almost opposite roles in the immune system, disruption of ICOS may induce contrasting results depending on which effector function ICOS dominates. Our data showed that ICOS C T cells produce more INFg and less IL4, compared to ICOS ¡ T cells, meanwhile expression of transcriptional factor of Th1 cells (T-bet) was upregulated in ICOS C T cells, suggesting that ICOS promotes Th1 effector response in CRC patients (Fig. 7) . Previous study reported that Th1 cells inhibit tumor cell invasion and metastasis by communicating with tumor associated myeloid cells, including TAMs and MDSCs, 15 which may contribute to the improved survival of CRC patients with high ICOS expression. The mechanism on how ICOS signal regulates Th1 effector response need to be clarified in future work.
ICOS is a co-stimulatory receptor homologous to the stimulatory receptor CD28 and the inhibitory receptor CTLA-4.
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CD28 is constitutively expressed on T cells, whereas ICOS and CTLA-4 expression are induced rapidly after T-cell activation. 7, 17, 18 Previous studies demonstrated that expression of ICOS is regulated by both TCR and CD28 signals, 7, 11, 17 while these signals are inhibited by a negative signal delivered by CTLA-4 engaged. 19, 20 In regards to PD-1, several studies showed that PD-1 is induced on activated T cells and PD-1/ PD-L1 or PD-L2 signal inhibits TCR mediated T cell proliferation and cytokine production. 21, 22 Our results demonstrated that the expression of ICOS is positively correlated to that of CTLA4 and PD-1 on T cells (Fig. 6) . The phenomenon is echoed by a study showing that the active Th1/CTL immune-active microenvironment of CRC is counterbalanced by enhanced expression of multiple checkpoint inhibitors, especially in microsatellite instable CRC, suggesting that ICOS may be a useful biomarker for patient selection and response evaluation of anti-CTLA-4 or PD-1 therapy in CRC.
Materials and methods
Patients and tissue microarray (TMA) construction
Tissue microarrays consisting of 310 CRC specimens were obtained from Renji Hospital (Shanghai, China) from January 2003 to December 2012, and the pathological information was retrieved from the Pathology Department of Renji Hospital. The fresh CRC specimens and peripheral bloods were gotten from CRC patients from Renji Hospital (Shanghai, China) from January 2015 to September 2015. All the patients were provided with written informed consent before enrolment, and the study was approved by the Research Ethics Committee of Shanghai Jiao Tong University School of Medicine Renji Hospital. None of the patients had received tumor-specific therapy before diagnosis. The follow-up time was calculated from the date of surgery to CRC-related death, or December 31, 2012, the ultimate deadline. The TMA were constructed as previously described. 23 Briefly, tissue cores with a diameter of 0.6 mm were punched from paraffin-embedded tissue blocks using a Beecher microarrayer and were placed on a recipient paraffin block. Sections (4 mm) were cut and applied to APEScoated slides. The presence of tumor in the tissue core was confirmed by H&E staining.
Immunohistochemistry
The tissue microarray sections were rehydrated and treated with 3% hydrogen peroxide, followed by antigen retrieval. After being blocked with 10% normal goat serum for 30 min, the sections were incubated with primary antibodies at 48C overnight, followed by incubation with a peroxidase-labeled secondary antibody for 30 min at room temperature. Finally, Diaminobenzidine tetrahydrochloride (DAB; Maixin Biotech, China) was used for the color-reaction followed by nucleus counterstaining with hematoxylin. The following antibodies were used: rabbit anti-ICOS monoclonal antibody (ab105227, Abcam, UK), Elivision plus Polyer HRP (Mouse/Rabbit) IHC Kit (Maixin Biotech, China).
The slides were inspected independently by two investigators in a blinded manner. ICOS expression was evaluated according to the extent and intensity of staining (percentage of positive cells was measured on a scale of 0-4: 0, 0-5%; 1, 6-25%; 2, 26-50%; 3, 51-75%; 4, 76-100%; the intensity of staining was measured on a scale of 0-3: 0, no staining; 1, weak staining; 2, moderate staining, but weaker than that of tonsil; 3, strong staining, equivalent to or stronger expression than that of tonsil. And a final score was created to determine the cut-off value for low and high expression group by using grades of the extent £ grades of intensity staining. Then, the protein expression was sorted into four categories: "¡" for a score of 0-3, "C" for a score of 4-6, "CC" for a score of 7-9 and "CCC" for a score of >9; low expression was defined as a final score <6 and high expression with a final score 6.
Immune cell analysis and isolation
Surgical excised CRC specimens were mechanically dissociated and digested into single cells with collagenase type II (0.5 mg/mL), collagenase type IV (0.5 mg/mL), hyaluronidase (10 U/mL) and DNase I (0.01 mg/mL) for 2 h at 37 C. The dissociated cells were collected, lysed by RBC lysis buffer and then incubated with CD45 monoclonal antibody, followed by isolated with CD45
C cell isolation kit (Miltenyi Biotec). For ICOS C CD4 C or ICOS ¡ CD4 C T cells, the cells were incubated with ICOS and CD4 monoclonal antibody. The positive cells were next sorted by flow cytometry on BD FACSAria using BD FACSDiva software. The purity of the isolated subpopulations regularly exceeded 90%. As previously described, 15 PBMCs from CRC patients were isolated by differential density gradient separation, and immune cells were analyzed by flow cytometry after labeling with fluorescence antibodies. The isotope antibodies for specific antibody on different fluorescence channels were used as negative control.
Statistical analysis
Student's t test was used to analyze the data. Results are given as mean § SEM unless otherwise indicated. Probability values <0.05wereconsideredsignificant.
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